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1.

INTRODUCTION

PRECEDE |l: SUMMARIZED RESULTS OF AN
ARTIFICIAL AURORAL EXPERIMENT

1. PRECEDE II: Summarized Results

R.R. O'Neil

Radiation Effects Branch

Optical Physics Division

Air Force Geophysics Laboratory
Hanscom AFB, Massachusetts 01731

E. McKenna

Rocket Probe Branch

Aerospace Instrumentation Division
Air Force Geophysics Laboratory
Hanscom AFB, Massachusetts 01731

D. Burt

Space Science Laboratory
Utah State University
Logan, Utah 84322

On 13 December 1977, PRECEDE II was launched from the White Sands Missile

Range, New Mexico at 05:49:59.116 UT. PRECEDE II is one of a series of artificial
auroral experiments in the DNA-AFGL EXCEDE program using pulsed high power
rocketborne electron accelerators operating inthe 80-to 140-km altitude range. This
launch was designed to serve as an engineering test of an electron accelerator
module providing a pulsed 3-kV, 7-A electron beam, to provide an engineering test
for a newly designed liquid nitrogen cooled rocketborne infrared Michelson

(Received for publication 15 March 1978)




interferometer, and to observe the ultraviolet and visible emissions induced in the
night sky by the rocketborne electron source with a number of ground based imaging,
spectrographic, and photometric instruments. This report briefly describes the
scope of the PRECEDE II experiment and summarizes the performance of the vari-
ous instruments,

The projected trajectory of the Nike Aerobee 170 rocket and the location of the
three optical ground stations, Hotel, SE 70, and Stallion, is shown in Figure 1-1,
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The preflight estimate and actual altitudes of the various experiment functions are
reviewed in Table 1-1. The principal rocket and ground based instrumentation utilized
in the PRECEDE II experiment is summarized in Table 1-2. The payload was despun

to a roll rate of approximately 0. 16 revolutions per second. At approximately 264
sec after launch, the forward payload section was separated from the electron ac-
celerator and the rocket and the forward section successfully recovered. The
forward payload section consisted of the liquid nitrogen (LN2) cooled interferometer,
the telemetry section, and the parachute recovery system.

Table 1-1. PRECEDE Timer Functions

Altitude
Time Preflight
Function (sec) Estimate Actual

Sustainer Burnout 49,5 34 32
Command Closure of 1

Engine Valves 54 40 37
Interferometer Calibration

Lamp On 55.1 41 38
Despin Vehicle 69 56 52
Start Interferometer

Mirror Scan 71.1 58 54
Interferometer Cap

Removed 90.3 76 71
Eject Clamshell Nose Tip 92,17 79 73
Removed Accelerator Door 105.7 88 82
Energize Accelerator

Filaments and High

Voltage 108. 1 90 83
Apogee 179. 6 114 102

(172 sec)

Separate Interferometer

from Accelerator 264 80 62
Stop Interferometer

Mirror Scan* 15 15
Deploy Interferometer

Recovery Parachute** 5 5

*This function is initiated by a pressure sensitive switch at
50, 000 ft on payload descent.

’"Thia function is initiated by a pressure sensitive switch at
15, 000 ft on payload descent.




Table 1-2. PRECEDE Il Instrumentation

—

Rocketborne Instrumentation
Non Recovered Payload Section, 38-cm diameter

21-kW (3-kV, 7-A) pulsed electron accelerator,
length 91 cm, weight 160 kilograms

Recovered Nosetip Payload Section, 30-cm diameter
LNg interferometer, length 61 cm, weight 40 kilograms
Telemetry

Recovery System

Ground Based Instrumentation

Site Instruments Tracking Mode
Hotel Film and video cameras Radar controlled
automatic mount
SE 70 Dual channel, 3914 and Radar controlled
5577A telephotometer automatic mount

UV and visible image
intensified spectrographs

Film camera

Stallion GEODSS satellite tracking Manual
telescope and video
recording system

2. ROCKETBORNE ELECTRON ACCELERATOR

The electron accelerator, constructed by D. Burt and F. Riebeek of Utah State
University, was a variation on the design successfully uéed on the PRECEDE I and
EXCEDE:SWIR artificial auroral experiments, The accelerator, 38-cm in diameter,
91-cm long and weighing 160 kilograms, was designed to provide a nominal 20 kW
beam of 3 kV electrons. A pulse period of 6 sec, composed of a 4,3 sec beam on
and a 1,7 sec beam off component, was intended to be repeated for the duration of
the experiment, anticipated to be on the order of 3 min assuming nominal rocket
performance. The PRECEDE II launch was designed, in part, as an engineering
test of a prototype electron accelerator module to be used on the subsequent
EXCEDE II experiment. The accelerator used two tungsten filaments directly
heated to approximately 2800°K; electron acceleration was provided by nickel cad-
mium batteries which constituted the principal accelerator weight. The accelerator
design included a latchout relay circuit which shut off the accelerator high voltage
for periods of up to several sec in the event the current drain from the high voltage
battery pack exceeded 10 amperes. The latch out relay was intended to avoid

10

RS IS e T S |

i .-

R




catastrophic failure by limiting the energy dissipated if the accelerator operated
briefly in a short circuit mode. Previous experience in both a rocket test and
laboratory vacuum chamber studies with electron accelerators of similar cathode
anode configuration indicated high voltage breakdown and short circuit arcing
occurred if the gas pressure of an air-like mixture within the accelerator assembly
was in excess of several milli-Torr, The accelerator cathode anode assembly was
vacuum sealed, evacuated, and heated prior to assembly on the rocket vehicle to
minimize excess accelerator gas density due to outgassing when the tungsten
filaments were initially heated.

The accelerator door was opened, filaments heated and high voltage applied
(Table 1-1) by 108 sec after launch. Altitude at this time was approximately 83 km,
somewhat lecs han the preflight estimate of 90 km. The accelerator operated in an
arcing mode, high voltage breakdown within the accelerator structure, for approxi-
mately 30 sec until the payload achieved an altitude of 97 km at 138 sec after lift off
(Figure 1-2). During the arcing mode, the latch out protection circuit limited the
maximum energy dissipation and prevented catastrophic failure due to fusing of any
accelerator components. At approximately 138 sec after launch, the accelerator
produced a 4. 3 sec pulse of 3 kV electrons depositing 20 kW into the night atmos-
phere. As indicated in subsequent sections of this report, the electron induced ultra-
violet and visible emissions were readily recorded by the ground based optical
instruments. As shown in Figures 1-3, 1-4, and 1-5, the accelerator power output
showed slight loading characteristics during a given pulse and the power output
decreased from approximately 20 kW at 138 sec after launch (97 km on payload
ascent) to approximately 13 kW at 212 sec (95 km on payload descent). At lower
descent altitudes, the accelerator continued operation, pulsing sporadically and
providing an electron beam of several kilowatts to a descent altitude of approximate-
ly 64 km (see Figure 1-6).

The accelerator performance reviewed in Figures 1-2 through 1-6 is based on the
rocketbased monitors of accelerator voltage and current telemetered with other
rocketbased measurements. At 264 sec after launch the accelerator and Aerobee
170 rocket were separated from the payload section containing the interferometer,
telemetry, and recovery system. Although the rocketbased monitors of accelera-
tor performance were no longer telemetered, the ground based telephotometer
indicated the electron accelerator operated in an arcing mode at descent altitudes
less than 64 km. The electron accelerator functioned well, without arcing, from
97 km on payload ascent through apogee (102 km) until 81 km on payload descent,

a period of approximately 100 seconds. The accelerator operated somewhat
sporadically for an additional 43 sec depositing a final pulse of 3 kV electrons
into the atmosphere at 64 km on payload descent. Intermittent arcing at the lower
altitudes during payload ascent and descent is consistent with similar effects
observed in laboratory vacuum chamber studies at higher gas densities,

11
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During flight the gas density within the accelerator cavity is controlled by the com-
bined effects of ambient atmospheric density, the density enhancement or reduction
due to the so-called ""ram'' or ""wake' effect as determined by the cavity orientation
with respect to the payload velocity vector and finally any significant accelerator
assembly outgassing effects.

Continued production of an electron beam at the low descent altitudes suggests
that the arcing observed between 83 and 97 km on payload ascent was caused in part
by outgassing of the accelerator structure after initially heating the filament assembly.
Presumably this effect was minimized but not eliminated by the addition of the
vacuum sealed accelerator door and vacuum pumping of the accelerator during the
payload build up prior to launch,

The low altitude range of this flight imposed a severe test on the prototype
electron accelerator design. The engineering design of the accelerator module to
be utilized on the EXCEDE II experiment was successfully tested by the flight of
PRECEDE II. The GEODSS video system tracked the accelerator tungsten filaments
until payload impact.

3. ROCKETBORNE LNy COOLED INTERFEROMETER

Results of the engineering test of this instrument are described in Chapter 2
of this report.

4. GROUND BASED MEASUREMENTS: HOTEL SITE

The camera systems located at this site were deployed by TIC, Inc., and are
described in Chapter 3 of this report.

5. GROUND BASED MEASUREMENTS: SE 70 SITE

A Photo Sonics cine sextant mobile tracking mount at the SE 70 optical site (see
Figure 1-1) supported four optical systems as summarized in Table 1-3. This site
was selected so that the electron beam as constrained along the geomagnetic field
would be viewed from an end on aspect, that is, along the magnetic field, when the
payload was at apogee assuming a nominal payload trajectory, The electron in-
duced atmospheric emissions as viewed from this location present a minimal
source size and thus a maximum exposure in the film recording camera and image
intensified spectrographs at this site. In addition the small source size reduced
the field of view required for the dual channel telephotometer and thus maximizes

15




the contrast ratio between the electron accelerator induced emissions and night
sky radiations.,

Table 1-3. SE 70 Site Ground Based Instrumentation

— =§
Instrument Description Purpose

AFGL Telephotometer Dual channel photon counting Remote diagnostic of
telephotometer measures accelerator power
N} IN(0-0) 3914A and output and recoras
O?IS) 5577 A emissions. emissions of

aeronomic
interest.

HSS, Inc. UV Cygnus Image intensified spectro- Documents altitude
.graph records emissions dependent radiant
in 3200 to 6000A wave- intensities (Nj
length range with 6A Vegard Kaplan, N2
resolution, second positive,

Nat first negative,

HSS, Inc. Super Cygnus Image intensified spectro- Documents altitude
graph records emissions dependent radiant
in the 4200 to 7500A intensities (Ng*
wavelength range with first negative,
1A resolution, Os! first negative,

of1s), Ny first
positive, N, *
Meinel,...).

WSMR Camera 35 mm Cine camera, 264 cm High spatial resolution
focal length f/8 lens, system documents
operated at 6 frames per accelerator per-
second., formance, tracking

mount performance
and assists inter-
pretation of spectro-
graph data.

The dual channel telephotometer located at the SE 70 site recorded the accelera-
tor induced N; IN(0-0) band at 3914A as a remote diagnostic of accelerator per-
formance and the O( 1S) 5577A emission because of its aeronomic interest., Selected
samples of the telephotometer data are presented in Figures 1-7 and 1-8. Note that the
arcing mode of accelerator operation was documented by the ground based tele -
photometer indicating that, in this mode, some fraction of the energy drawn from
the high voltage battery pack is deposited in the atmosphere. The N; IN(0-0) emis~
sion at 3914A monitors the total electron power deposited in the atmosphere as
demonstrated in the initial PRECEDE launch (O'Neil et al, PRECEDE: Summarized
Results, JGR, 1978),
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The photometer measurements precisely monitor the absolute radiant intensity
of the N; 3914A and O( 1S) 5577A emissions. These measurements will eventually
be correlated with the image intensified spectrographic measurements to deter-
mine altitude dependent emission profiles for a number of emissions in the 60 to
100 km altitude range. In particular, insight into the production and quenching
coefficients for the N2 first positive and N; Meinel bands are anticipated from the
spectrographic measurements. The complicated altitude dependent production and
loss mechanisms determined for the 0(15) 5577A emission in the initial PRECEDE
launch will be tested against the newly acquired PRECEDE II data. The tele-
photometer and spectrographs recorded accelerator induced emissions as low as
63 km in the present experiment, providing data at higher collision frequencies to
test collisional deactivation rate coefficients inferred from the initial PRECEDE
experiment,

A preliminary assessment of the results of the spectrographic measurements
is given in Chapter 4 of this report.

6. GROUND BASED MEASUREMENTS: STALLION SITE

The satellite optical tracking station at the Stallion site (see Figure 1-1), developed
and directed by the Electronics System Division of the Air Force Systems Command
with contractor support from the Lincoln Laboratory of MIT, graciously agreed to
attempt to manually track and record the accelerator induced optical emissions with
their 14-in. and 31-in. diameter satellite tracking telescope systems. The common
telescope mount was directed to the angular orientation where the initial accelerator
pulse was anticipated assuming a nominal trajectory. The GEODSS facility readily
observed the accelerator induced emissions in the wide angle (7 -deg) 14-inch system,
subsequently acquired the source in the narrow field (1.2-deg) 31-in, system and
manually tracked the source (atmospheric emissions and/or hot filaments) until the
minimal amount elevation limit (18 deg) was reached. Selected frames from the video
recordings are shown in Figures 1-9, 1-10, and 1-11. Figure 1-9 occurred at a
time shortly after electron accelerator pulse turn on and consists of prompt emis-
sion along the magnetic field with a small afterglow radiation, O(IS) 5577A emis-
sion, beginning to develop. Figure 1-10 shows a video image later in a 4. 3 sec
pulse and shows the spatial extent of a well developed ()(IS) afterglow emission.
Figure 1-11 illustrates the images of both newly initiated pulse and the long lived
decay of the previous pulse terminated at least 1.7 earlier. As viewed from the
Stallion Site the projected geomagnetic field at the payload location has an apparent
elevation angle of approximately 45 degrees. The GEODSS data illustrates that the time

dependent emission profile of relative slow optical emissions may be determined by

19
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measuring the spatial extent of the afterglow radiation of these features. The
GEODSS data will be further analyzed in terms of electron range along the magnetic
field, image size, and afterglow emission profiles when the payload pitch angle
orientation is determined.

Figure 1-9. Image Recorded Shortly After Accelerator Pulse
Initiation Showing a Very Slight Afterglow Emission

20




Figure 1-10, Image Recorded 140 sec After lL.aunch During
the Initial 20 KW Electron Accelerator Pulse at 98 km on
Payload Ascent (GEODSS facility)

Figure 1-11. Image Recorded 154 sec After Launch, Payload
at an Ascent Altitude of 101 km (GEODSS facility)

21




S

i

2. Rocketborne LNg SWIR Interferometer

J.C. Kemp and R.J. Huppi
Stewart Radiance Laboratory
Bedford, Massachusetts 01730

1. INSTRUMENTATION DESCRIPTION

The Michelson interferometer is dependent upon a moving mirror to change the
relative optical pathlength of the two interfering beams of light. The mirrors must
be carefully aligned to maintain proper coincidence of the two beams, Therefore,
strict requirements are placed upon the translation accuracy of the moving mirror;
the mirror direction must be maintained constant to within about 1 sec of arc
throughout the useful scan range.

A system to allow mirror translation movement without angular movement has
been designed using Bendix free-flex flexural pivots, A pictorial schematic showing
the main elements of the interferometer assembly is shownin Figure 2-1. The mirror
translation is driven by a torque motor. A linear variable differential transforme:
provides position feedback and a tachometer similar to the torque motor provides
velocity feedback to the mirror translation servo. The second mirror of the
Michelson system remains fixed in position. This stationary mirror is mounted
to an assembly of three piezoelectric stacks, which provide fine adjustments of mirror
orientation to optically align the interferometer. The beamsplitter and compensator
are made of calcium fluoride,
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Figure 2-1. Schematic of Interferometer Assembly

A reference interferometer assembly is used to provide information about the
center of the interferogram and also to provide main channel sampling data. The
same mirrors and beamsplitter are used for the reference and the main channels
by using some of the peripheral area of the elements of the main channel and feeding
these signals in reverse direction through the interferometer assembly. The refer-
ence sources are located near the main channel detector and the reference detectors
are located near the main channel entrance aperture. An incandescent bulb is the
source of the whitelight channel, which defines the center position indication (zero
path difference for the fixed and movable mirrors). The sampling reference is
provided by the monochromatic reference channel using a neon glow lamp as a
source. A narrow band optical filter is required to isolate a single emission line
of the neon spectra.

Indium antomonide at liquid nitrogen temperature (77 °K) is used for the main
channel detector. A D* improvement of about 2 orders of magnitude is achieved
by also cooling the background to which the detector is exposed. Thus a 2 order
of magnitude improvement in NESR is achieved by cooling the entire interferometer
to liquid nitrogen temperature. This is very significant because the measurement
time is reduced by 104 if the same signal to noise is maintained. The instrument
is cooled by building it into a cryogenic Dewar which is a vessel with a reservoir for

24
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the cryogen (liquid nitrogen) and a region for the instrument to be cooled, all located
inside of a vacuum shield to act as a thermal barrier., Once the Dewar is lofted to
the required altitude by the rocket carrier, the Dewar is opened to expose the optics
to the radiation to be measured.

A special preamp is required by the high sensitivity of the 1nSb detector under
cold background conditions. A dual source follower FET attached directly to the
detector mount drives the preamp output stage located in the warm aft section of the
Dewar. This stage drives a balanced line feeding a differential input instrumentation
amplifier located in an external electronics box. All of the circuitry required for
the main channel signal conditioning, reference interferometer signal conditioning,
temperature monitors, and the mirror drive servo is located in the external elec-
tronics box, A separate battery box supplies isolated power to the various electronic
circuits to help maintain a very low noise system.

The very high sensitivity of the system also means that the background radiation
from the warm earth exceeds the minimum detectable signal. Therefore a cold
sunshade baffle is required within the Dewar to provide high spatial rejection for
off-axis sources. This baffle will provide more than 8 orders of magnitude re-
duction in the signal level from sources located more than 50° away from the system
axis. The design specifications for the rocketborne LN2 interferometer are sum-

marized in Table 2-1.

Table 2-1. Design Specifications for the LN, Cooled
Michelson Interferometer

Spectral Range 2,0 -5.6p
Resolution 2 em™! (apodized)
Field-of -View 2.29° 1.26 X 1072 sr
Collection Optics Area 17.8 cm2
Scan Time (variable) 2.0 sec total
0. 2 sec retrace
1. 8 scan period
NESR* 7x 1071 w/em™2 sr”! em
Size 10.5 in. diam X 29.3 in. long
(+ electronics)
Weight 54 1bs (+ electronics)

*Noise Equivalent Spectral Radiance at 2 p
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2. EXPERIMENTAL APPROACH

PRECEDE II provided an engineering test of a newly developed rocketborne
LN, interferometer in an operating environment simulating the follow on EXCEDE
II experiment. As proposed, PRECEDE II was designed to test the engineering
design of the LN2 interferometer operating onboard a payload also containing a
prototype 20-kW pulsed electron accelerator. These two newly developed rocket-
borne instruments, the interferometer using cold optics and the high power accelera-
tor module, are the innovative systems developed for the EXCEDE II experiment.
PRECEDE II was intended to test each instrument independently in a realistic rocket
environment as well as the compatibility of the instruments sharing a common pay-
load structure. No attempt was made to co-align the electron beam and the inter-
ferometer viewing axis, Preflight estimates indicated the interferometer would
probably not record the electron beam induced infrared emissions given the payload

configuration for this engineering test flight.

3. LNy INTERFEROMETER SUMMARIZED RESULTS

The engineering test demonstrated that the cooled Michelson interferometer
design is well suited for taking data in a rocket environment, All of the system
components functioned well for the entire flight. The cryogenic system, the bat-
teries, the detector and drive electronics, the temperature monitors, and the
battery status indicators performed according {0 design. An inflight calibration
source provided a useful indication of the interferometer internal optical alignment.
The piezo electric mirror adjustment system proved to be an effective method of
performing final optical alignment of the interferometer, even at cryogenic tempera-
tures.

It was demonstrated that proper interferometer internal optical alignment can
be achieved after the interferometer has been mounted to the payload, that the pay-
load can be mated to the motors, and that the entire assembly can be transported
to the launch area and erected in the tower without any major alignment problems.
It was also determined that because of the shocks received during these processes
it is necessary to perform final internal alignment after the payload is erected in
the tower.

The interferometer's internal optical alignment deteriorated somewhat during
the launch cycle. The modulation efficiency just prior to launch was about 44 per-
cent; after launch the alignment had changed sufficiently to reduce the modulation
efficiency to about 7 percent. Although 7 percent is less then desirable, good data
would still be achieved during the EXCEDE 78 launch if the signal emission levels
are as large as predicted,
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Some results from the engineering test are shown in Figures 2-2 through 2-5.
Because of the non-optimum monochromatic reference the interferometer resolu-
tion is degraded below the designed 2 cm-l. Also, for this flight, the interferom-
eter was operating in a double sided interferogram mode rather than the single
sided mode which will be used in the actual data flight.

Figure 2-2 shows the strip chart of the FM/FM transmitted interferogram
recorded 288 sec into the flight. This late in the flight the payload was coning badly.
The bottom trace of this figure is a recording of the monochromatic reference
channel; the decreased width indicated the retrace portion of the scan. Figure 2-3
shows the spectrum transformed at USU from this interferogram. The spectral
features probably result from atmospheric thermal emissions.

Figure 2-4a shows the spectrum obtained from the internal calibration source
before launch and Figure 2-4b shows the spectrum from the same source 72 sec
after launch. The loss in internal alignment is very apparent at the shorter wave-
lengths but the longer wavelengths show no appreciable change. These spectra
allow us to infer that the misalignment was on the order of 4 arc sec or less.

Figure 2-5 shows a spectrum transformed from data taken 187 sec into launch
which corresponds to a time when the gun was firing. The emissions apparent in

the spectrum are primarily due to ambient atmospheric thermal radiation.

4. FUTURE EFFORT

The major effort in preparation for the EXCEDE 78 launch will be the develop-
ment of an improved monochromatic reference. The reference electrical circuits
need to be improved somewhat but the most important need is for a much stronger
source of monochromatic radiation. It will probably be necessary to use a HeNe
laser mounted outside the Dewar for this source and to use an optical fiber to trans-
mit the optical energy into the Dewar to the reference interferometer. The pre-
vious reference system used a neon light with a narrow band optical filter as the
source of monochromatic radiation.

Two other areas of focus are to improve the rigidity of the internal alignment
to eliminate the degradation in modulation efficiency which occurred during the
launch. More extensive shock and vibration tests will be conducted in an attempt
to verify that the stability has been improved.

Operational techniques also need to be refined to expedite final alignment ad-
justment at the launch pad. Also the clean payload conditions required by the addi-
tional helium cooled spectrometer on the EXCEDE 78 payload necessitate a modifica-
tion in the Dewar to prevent possible escape of any trapped dust particles. Other
minor electronic circuit improvements will be made.

A complete calibration and performance verification will be performed.
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3. Hotel Site Ground Based Optical Measurements

W. Boquist and R.W. Deuel
Technology International Corporation
Bedford, Massachusetts 01730

1. INTRODUCTION

This quick-look chapter summarizes the operational results of photographic
measurements made by Technology International Corporation in participation with
the Optical Physics Group of AFGL during the Project PRECEDE Il exercise con-
ducted at White Sands Missile Range, New Mexico, on 12 December 1977. The
purpose of TIC's participation was to provide high resolution photographic coverage
of the optical effects of the PRECEDE II electron gun experiment at altitudes of
between 90 and 120 km. More specifically, acquisition of temporal spatial and
radiometric data of the visible field aligned beam and slower decaying induced after-
glow was desired in order to correlate the overall performance of the rocket borne
experiment and provide data for the study of upper atmospheric excitation charac-
teristics. This approach was predicated on the successful coverage provided by
TIC on the previous PRECEDE experiment, also conducted at WSMR by AFGL, in
the fall of 1974,

TIC's participation was limited to the operation of existing optical instrumenta-
tion which could be fielded on the basis of operational costs alone. On this basis,
TIC fielded a group of selected large aperture cameras and a low light level video
system that were mounted on a radar guided tracking mount provided by the WSMR
range complex.
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The TIC instrumentation was located geographically such that it would view
the field aligned visible beam from a perspective perpendicular to the geomagnetic
field lines. This site would thus be able to acquire data which could be comple-
mentary to that obtained at the other AFGL site which was viewing the beam
essentially along the field lines.

2. OPERATIONAL PROCEDURE

The AFGL PRECEDE II electron gun instrument package consisted of an elec- .
tron beam accelerator which was planned to be activated above about 90 km con-
tinuing through apogee of about 120 km, and down to the vicinity of about 80 km in
an on-off pulse cycle of approximately 4 sec (on) and 2 sec (off). Depending upon
rocket de-spin results, the beam would either be directed in one (only) or two (both)
directions along the magnetic field lines in proximity to the vehicle during the on
portion of the duty cycle. The collisional excitation of the ambient upper atmos-
phere by the electron beam is the subject of optical interest and the spatial and
radiometric recording of the directional beam above 90 km together with the chemi-
luminescent wake was the objective of the TIC optical instrumentation coverage.

The TIC optical instrumentation was located at the Hotel site on the south-
eastern edge of the White Sands Missile Range so as to be looking essentially due
west when the PRECEDE II payload was at apogee (see Figure 3-1). The Air-Land
Division of Dynaelectron Corporation provided technical support to the Hotel optics
site by way of a radar controlled tracking mount for the primary optical instrumenta-
tion. This mount was a Photo-Sonics Cine-Sextant Mobile Tracking Mount operated
by a crew of two.

Both tracking and fixed camera systems were operated by TIC in support of the
AFGL PRECEDE II experiment. The primary camera system consisted of a large
aperture 300-mm focal length lens and film transport. Operated simultaneously
with this camera was a second 300-mm system of smaller aperture which incorpor-
ated a clock for determining exposure time and duration. In addition, a wide field-
of-viewtime lapse camera system was operated independently to record the flight
and provide a projection print, if required, for subsequent analysis. All three of
these camera systems were co-located on the mobile tracking mount, together with
a low light level TV system to aid the camera control operator in transporting the
film of the shutterless cameras during the off portion of the electron gun duty cycle.

As a limited back-up to the primary tracking instrumentation, 2 fixed, ballistic
mode cameras were operated at the Hotel site by TIC. This concept, although pre-
viously untried in these experiments so far as is known, was implemented to provide
an optical record of payload brightness and pulse duration as a function of altitude
on a single film frame. Table 3-1 summarizes the TIC optical instrument plan for
PRECEDE II, showing for each system the collector characteristics, film type,
exposure program, and recorded field-of-view.
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The Hotel optical site was supported by the DNA photo-optical van operated by
TIC. The van contains a darkroom for loading film and processing test focus runs,
an analysis room for reviewing processed film, and an operation section which
houses the camera control electronics, recorders, timers, and power supplies.

A live test of all primary and secondary camera systems was made on
10 December 1977 on a non-related rocket experiment which attained a comparable
apogee and location after dark. All camera systems operated properly during this
test, but in processing the data it was observed that the mobile tracking mount was
unable to track smoothly when in the extreme elevated position. As a consequence
of this determination, the Hotel site mount was changed prior to the PRECEDE II
launch. No testing of this mount was possible, however, before the PRECEDE II
launch.

3. RESULTS

3.1 Weather

The weather at event time (10:52 Local Time) can be described as generally
clear at low altitudes with readily noticeable atmospheric motion apparent overhead

as seen from the Hotel optics site.

3.2 Event Data

The PRECEDE II event was launched at 05 49 59.1 UT from the launch complex
1.C-36 on 13 December 1977. An apogee of 102 km was reached at 171 sec after
launch. The electron gun began its function mode at approximately 138 sec at
97 km altitude and continued to operate until it had descended to 74 km altitude at
approximacely 249 seconds.

3.3 Instrumentation Performance

The high resolution photographic instrumentation performed well throughout
the experiment. No malfunctions were evident. Focus changes due to ambient
temperature changes were essentially corrected for, although with notable difficulty.
(The photographic quartz data chronometer, also affected by cold temperature, was
2 sec slow in 2 days by event time.) The time lapse camera system worked
well with an occasional double film frame transport, probably due to a slightly
longer than optimum trigger pulse.

Use of a low light level TV system to inform the camera control operator when
the electron gun was off (in order to advance the film shutterless cameras without
dragging the image) worked extremely well. An additional TV monitor located
outside the control trailer was found to be of significant value in informing the
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secondary mount operator and others as to the general track centering, etc.
Attempts to record the video signal, however, were generally negated by the lack
of frequency stable power at the Hotel site, which was powered by a portable
gasoline generator.

The secondary (priority) ballistic camera attempt was conceptually a definite
success, although the shutter(s) could have been opened earlier to have captured a
longer ballistic track than was obtained.

The performance of the cine-sextant tracking mount was found to be generally
unsmooth when operated at elevation angles above about 60°. As a consequence,
the typical 4-sec exposures were often too long (as evidenced by star tracks) to
produce a steady track segment. Since this condition exists in apparently all mounts
of this manufacture, the site should have, in retrospect, been further east so that

a 607 elevation angle would not have been exceeded in performing the missile track.

3.4 Photographic Data

All of the data records from the Hotel optics site obtained photographic images
of the event with the exception of the video system recorder. However, inasmuch
as the rocket payload did not exceed 102 km in altitude, the visible electron induced
beam image due to the prompt N; emissions as well as the longer lived ()(IS)
emissions was limited to the order of a kilometer or less in length and was to a
large degree integrated into a single image with the exposure times used in anticipa-
tion of a 120-km apogee trajectory. Examination of the images contained in the
primary data record tend to show the following: a small nearly circular image with
a growing tail as the rocket ascends in altitude. During this period, the mount
tracked relatively smoothly, as evidenced by the star track images. At higher alti-
tudes the source image shows what appears to be two partially overlapping images.
At these mount elevations, however, some of the star tracks indicate significant
hunting in the mount motion and some of these images will probably not be valid.

Over 35 frames of data were obtained by the primary camera system. Table
3-2 correlates the record frame number with exposure (end) time and vehicle
altitude from launch through reentry. Table 3-3 correlates the electron gun duty
cycle with time after launch for comparison with Table 3-2.
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Table 3-2. TIC Photographic Record 40401
(Preliminary)

Frame Time Exposure Time After Vehicle
No. UT Length Launch Altitude
-- 05 49 59,1 hms -- sec 0 sec 1. 2 km (L.aunch)

1 51 39 -- 100 78
2 52 13 113 86
3 54 2 115 87
4 52 00 6 121 90
5 06 6 127 a3
6 02 52 10 hms 4 sec 131 94,5 km
7 20 10 141 98
8 27 7 148 100
a 32 5 153 101
10 39 7 160 102
11 05 52 45 hms 6 sec 166 sec 102 km
12 50 5 171 102 (Apogee)
13 57 T 178 102
14 53 02 5 183 102
15 09 T 190 101
16 05 53 15 hms 6 sec 196 sec 99.5 km
17 20 5 201 98
18
19 32
20 38 6 219 92
21 05 53 44 hms 6 sec 225 sec 89 km
22 50 6 231 86
23 55 5 236 83
24 54 00 5 241 79
25 07 7 248 76
26 05 54 13 hms 6 sec 254 sec 70 km
27 20 7 261 64
28 24 4 265 61
29 29 5 270 56
30 34 S 275 52 (begin tumbling)
31 05 54 40 hms 6 sec 281 sec 46 km
32 45 5 286 40
33 50 5 291 35 (6 images)
34 56 6 297 29.5
35 55 00 4 301 26
39




Table 3-3. Electron Gun Duty Schedule

(Preliminary)

No. Beam On Beam Off Pulse Duration
1 138. 3 sec 142, 3 sec 4,0 sec
2 144 145 1
3 146 148.3 2.3
4 149, 9 150. 6 0,7
5 151,7 152.8 1.1
6 153. 8 sec 154. 1 sec 0,3 sec
7 155, 8 160 4,2
8 161, 7 165.8 4.1
a9 167. 6 171.8 4,3

10 173. 6 177.8 4,2

11 179, 3 sec 183.7 sec 4,4 sec
12 185, 3 189.7 4.4
13 191, 3 . 195. 6 4.1
14 197.2 201.4 4,2
15 203.3 207.5 4,2
16 209. 1 sec 213.2 sec 4,1 sec
17 214,9 297,86 29
18 218,77 219.2 0.5
19 220. 8 285, 1 4.3

20 266, 7 230.9 4,2

21 232, 7 sec 237 sec 4,3 sec

22 241. 6 242.8 1.2

L'.’.B 2444 248.8 4,4

Selected data frames of the accelerator induced emissions are presented in
Figure 3-2, 3-3, and 3-4 for frames 8, 12, and 20 respectively.
graphs are a 15x magnification of the original data record, and show the electron
emissions in ascent at 148 sec at 100 km altitude (frame 8), at 171 sec at apogee
at 102 km altitude (frame 12), and at 219 sec at 92 km while descending (frame 20).
Figure 3-5 shows the multiple visible filament images resulting from the tumbling
of the reentering payload at 291 sec at 35 km altitude.

Figure 3-6 shows a portion of the PRECEDE II ballistic trajectory image as
seen from the Hotel site perspective. The two visible portions of the payload

trajectory correspond to electron gun cycles 20 and 21 as identified in Table 3-3

based upon preliminary timing determinations.

All photographic records except the ballistic data were processed with calibrated
sensitometric control so that absolute image brightness determinations could be
made in later analysis, The Kodak 2484 pan photographic data films were processed
normally in D-19 developer to achieve a nominal gamma of 1 on the densi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>